Learning experiences with sunitinib continuous daily dosing in patients with pancreatic neuroendocrine tumours E. Raymond md phd* and S. Faivre md phd* and, as such, are not associated with specific hormonal syndromes, leading to diagnosis at an advanced stage of the disease 4 . Conversely, functioning nets that ectopically secrete active peptides cause a variety of hormonal conditions 5 , including ZollingerEllison syndrome (gastrinoma), hypoglycemia (insulinoma), glucose intolerance with related symptoms (glucagonoma), and vipoma 5 . Thus, functioning nets are often diagnosed at earlier stages, but require particular attention for the treatment of hormoneassociated syndromes.
Somatostatin analogs can relieve symptoms caused by hypersecretion of hormones from functioning tumours and can potentially have antitumour activity in selected patients [6] [7] [8] . For many years, standard palliative regimens have used cytotoxic treatment with the alkylating agent streptozocin in combination with doxorubicin or 5-fluorouracil for the management of advanced pancreatic nets 9 . The focus of biomedical research in malignant disease has shifted in recent years from cytotoxic chemotherapy to treatments aimed at molecular targets controlling biologic processes such as cell proliferation, cell death, and tumour angiogenesis.
Biologic targets that have been identified as being of potential value in pancreatic nets include mtor (the mammalian target of rapamycin), a serine-threonine kinase that stimulates cell growth, proliferation, and angiogenesis; platelet-derived growth factor; and vascular endothelial growth factor (vegf), which plays a crucial role in the development and metastasis of solid tumours 10 . In pancreatic nets, vegf has been found to be a key driver of angiogenesis 11, 12 . Targeted agents that have been evaluated in advanced pancreatic nets include the mtor inhibitor everolimus (Afinitor: Novartis Pharmaceuticals, Basel, Switzerland) and sunitinib (Sutent: Pfizer, New York, NY, U.S.A.), a multi-targeted agent that inhibits several tyrosine kinases, including vegf receptors 2 and 3 13 . Malignant pancreatic nets also express platelet-derived growth factor receptors α and β, and stem-cell factor receptor 14, 15 , both of which are additionally targeted by sunitinib 13, 16 .
ABSTRACT
Molecular strategies to improve outcomes for patients with pancreatic neuroendocrine tumours (nets) have focused on targeting vascular endothelial growth factor, platelet-derived growth factor, and mtor (the mammalian target of rapamycin). This approach has led to the regulatory approval of two molecularly targeted agents for advanced pancreatic nets: sunitinib, a multi-targeted tyrosine kinase inhibitor, and everolimus, an mtor inhibitor.
Initial experience with sunitinib in advanced pancreatic net was gained from the phase iii registration trial, which used a continuous daily dosing (cdd) schedule instead of daily drug administration for 4 consecutive weeks every 6 weeks (schedule 4/2), the approved schedule for advanced renal cell carcinoma (rcc) and gastrointestinal stromal tumour (gist). Clinical experience gained with schedule 4/2 in rcc and gist shows that, using a therapy management approach, patients can start and be maintained on the recommended dose and schedule, thus optimizing treatment outcomes. Here, we discuss challenges that can potentially be faced by physicians who use sunitinib on the cdd schedule, and we use clinical data and real-life clinical experience to present therapy management approaches that support cdd in advanced pancreatic net.
INTRODUCTION
Although pancreatic neuroendocrine tumours (nets) are infrequent malignancies that account for 1.3% of cancers arising in the pancreas 1 , their diagnosed incidence appears to be increasing in both the United States and Europe 2, 3 , and improvements in therapy have led to improved survival. Approximately 90% of pancreatic nets present as nonfunctional tumours 2 Curr Oncol, Vol. 21, pp. 309-317; doi: http://dx.doi.org/10.3747/co. 21.1647 Sunitinib has been available since 2006 for the treatment of advanced renal cell carcinoma (rcc) and imatinib-resistant gastrointestinal stromal tumour (gist), and it is now approved for patients with welldifferentiated unresectable or metastatic pancreatic nets. Phase i trials with sunitinib were initially designed using discontinuous administration of sunitinib to potentially allow for recovery from the adverse events that had been described in some preclinical models. The schedule that, in the phase i program, was associated with the more favourable safety profile and an important number of responses in advanced solid tumours used sunitinib administration daily for 4 consecutive weeks in every 6 weeks (schedule 4/2) 17 . Schedule 4/2 was therefore selected for the development of sunitinib in phase ii and iii trials 13 .
As greater confidence in managing the safety of sunitinib was gained, the toxicity profile of sunitinib was observed to be characterized by rapid recovery from acute side effects and by a lack of cumulative toxicity. Thus, as more patients were treated, it appeared that sunitinib might not particularly require any discontinuation periods. A continuous daily dosing (cdd) schedule of sunitinib therefore began to be investigated in clinical trials for patients with various malignancies. The starting dose of sunitinib in the cdd schedule was calculated primarily to maintain a dose intensity similar to that used in schedule 4/2 over a 6-week period. The cdd schedule therefore uses a 37.5 mg dose of sunitinib, which results in a dose intensity equivalent to that obtained with a dose of 50 mg daily on schedule 4/2.
Currently, schedule 4/2 is recommended for patients with rcc or gist 18 , and a cdd schedule has been approved in both the United States and Europe for patients with pancreatic net 18,19 . The present review discusses the challenges that can potentially face physicians who use sunitinib on the cdd schedule and presents therapeutic and management approaches that can help to support the cdd schedule and to optimize outcomes in patients with advanced pancreatic nets.
For this review, a search for relevant articles was performed in the authors' personal publication library and in the PubMed and ClinicalTrials.gov databases. Full-text articles identified for the review all came from English-language journals. The reference lists of identified articles were also searched for further relevant papers.
CONSIDERATIONS FOR DEVELOPING A CDD SCHEDULE
Among the primary considerations in developing the cdd schedule were expectations that avoiding off-treatment periods would improve the activity of sunitinib in fast-growing tumours that might regrow during the washout period. Moreover, some preclinical data suggested that discontinuation of sunitinib might facilitate the emergence of resistance to sunitinib and a flare-up of tumour growth 20 . Furthermore, as mentioned earlier, experience with patients treated for prolonged periods was sufficient to demonstrate a lack of cumulative toxicity with sunitinib after 4 weeks of treatment. Other factors taken into account during the development of the 37.5 mg cdd schedule included pharmacokinetic and pharmacodynamic considerations. Pharmacokinetic data showed that the half-lives of sunitinib and its active metabolite were on the order of 40 and 80 hours respectively. Steady state after oral administration is thereby likely to be achieved in 1 week. A phase ii study in patients with gist 21 reported that, based on mean dose-corrected trough values, the pharmacokinetics for sunitinib and its active metabolite SU12662 on a cdd schedule appear to be similar to those observed in a phase iii trial using schedule 4/2 22 . In addition, a randomized phase ii study that compared the cdd regimen with the approved 50 mg daily dose of sunitinib on schedule 4/2 in patients with advanced rcc reported that steady-state C trough values for sunitinib, SU12662, and total drug were similar in patients on the cdd regimen (n = 79) and on schedule 4/2 (n = 63) 23 . It would therefore be expected that total plasma exposure to sunitinib would be similar for both schedule 4/2 and cdd. Exposure-response studies in patients with rcc and gist who received sunitinib on schedule 4/2, 2/2, or 2/1 reported that time to progression and overall survival both improved with increasing sunitinib exposure. The analysis by Houk et al. 24 also noted that increases in exposure increased the risk of some adverse events. In that study, the area under the concentration time-curve within the sunitinib dosing interval correlated with the incidence, but not the severity, of fatigue and with time to progression; overall survival in patients with rcc and gist also improved with increasing sunitinib exposure. Although such studies have not been performed for the cdd regimen, the experience gained using schedule 4/2 highlighted the need to initiate sunitinib at the recommended dose so as to avoid delaying the plasma steady state and subsequently to maintain patients at the recommended doses and schedules to achieve maximal clinical benefit.
In terms of the efficacy and safety profile of the cdd schedule, studies across a range of solid tumour types 21, [25] [26] [27] [28] [29] [30] [31] indicate that cdd is a potentially valuable sunitinib dosing schedule, showing antitumour activity with a manageable safety profile. In the randomized phase ii study that compared the 37.5 mg cdd regimen with the approved schedule 4/2 daily dose of 50 mg in patients with advanced rcc, comparable safety and quality-of-life outcomes were reported for the two arms 23 . However, a favourable trend for longer time to tumour progression with the schedule 4/2 daily dose of 50 mg was observed, indicating that the approved schedule 4/2 remains the starting regimen for patients with metastatic rcc 23 .
The greatest experience with the cdd schedule was recently reported from a phase iii trial in which 171 patients with advanced, well-differentiated pancreatic nets were randomized 1:1 to sunitinib 37.5 mg by cdd or to placebo, both with best supportive care 27 . Progression-free survival was inferior in the placebo group (median: 5.5 months vs. 11.4 months with sunitinib) 27 . The hazard ratio for progression or death with sunitinib was 0.42 (95% confidence interval: 0.26 to 0.66; p < 0.001), the hazard ratio for death alone was 0.41 (95% confidence interval: 0.19 to 0.89; p = 0.02), and the overall response rate with sunitinib was 9.3% compared with 0% with placebo. The magnitude and consistency of the observed treatment effects supported the use of sunitinib on a cdd schedule and resulted in regulatory approval of cdd sunitinib for patients with pancreatic net.
MAINTAINING COMPLIANCE AND CONTINUOUS EXPOSURE WITH THE CDD SCHEDULE
From our clinical experience, patients are generally comfortable taking sunitinib in daily dosing. This observation suggesting good compliance and acceptable tolerability of the cdd schedule is supported by the dose intensity achieved for sunitinib treatment in the phase iii study in patients with advanced pancreatic nets, which was maintained at a level similar to that seen with intermittent schedules 27 . Mean relative dose intensities (administered-to-planned dose) in the phase iii trial were 91.3% for sunitinib and 100.6% for placebo. Those results are comparable to those achieved with schedule 4/2 in pancreatic net 32 and with cdd in other tumours (Table i) .
Similarly, favourable outcomes with sunitinib in a cdd schedule were reflected in persistence with treatment and a low rate of treatment discontinuations because of adverse events or dose interruptions, particularly when compared with placebo in the phase iii study in patients with pancreatic nets (Table i) 27 . Compared with 4 patients randomized to placebo (5%), 19 patients randomized to sunitinib (22%) remained on the study for more than 1 year. Treatment was discontinued in 48% of patients treated with sunitinib and in 19% treated with placebo because of (early) study termination owing to disease progression (22% vs. 55% respectively) and adverse events (17% vs. 8% respectively). One or more dose interruptions (usually because of adverse events) were required for 30% of the patients in the sunitinib cdd group and for 12% in the placebo group (Table i) . Those results compare favourably with results obtained using schedule 4/2 in patients with pancreatic nets or carcinoid tumours (Table i) 32 .
PRACTICAL MANAGEMENT OF TOXICITIES
As already mentioned, effective management of adverse events is essential for starting and subsequently maintaining patients at the recommended sunitinib dose and schedule, so as to optimize treatment outcomes. Experience of managing adverse events in patients receiving sunitinib was initially gained predominantly with the use of schedule 4/2 in metastatic rcc, because sunitinib has become the mainstay of treatment for most patients with that disease 33 ; however, the recommendations for dealing with adverse events in patients receiving sunitinib are similar whether dosing is by cdd or schedule 4/2. 
Gastrointestinal Toxicity
Diarrhea is one of the most common toxicities seen with sunitinib. A review of patients with rcc in medline and in the database of the American Society of Clinical Oncology 34 , together with a literature review and results of a structured consensus survey of German specialists 33 , suggests an incidence of up to 59%, although most cases are of mild-to-moderate severity. Grade 3 or 4 diarrhea (determined according to the Common Toxicity Criteria) was reported in 5% of patients with rcc receiving sunitinib 34 . Those proportions are matched in experiences of the cdd schedule in patients with pancreatic nets (Table ii) 33 . Because many patients with pancreatic net have previously undergone pancreatectomy 35 , that procedure could be the basis of pancreatic insufficiency and related diarrhea in some patients. In the phase iii cdd study sun 1111 27 , 39% of patients in the placebo group experienced diarrhea of any grade, and 2% reported grade 3 or 4 diarrhea. Patients with pancreatic net who receive sunitinib might therefore require additional surveillance if they previously underwent pancreatectomy, although the significance of the effect requires further investigation.
Recommendations suggest no need for treatment interruption or dose reduction, or for intravenous fluids, in patients with rcc experiencing grade 1 or 2 diarrhea 33 . Patients with grade 3 or 4 diarrhea should discontinue therapy until symptoms subside to grade 1, with a dose reduction in subsequent treatment cycles 34 . In general, dose modification in patients receiving sunitinib according to the cdd schedule should be made in increments of 12.5 mg, noting that the maximum daily dose given in the phase iii sun 1111 study was 50 mg daily 18 . Table iii summarizes suggestions for managing diarrhea and other events in patients with pancreatic net receiving sunitinib.
Sunitinib therapy can also lead to upper gastrointestinal symptoms such as loss of appetite, epigastric pain, and nausea or vomiting. The latter two events tend to appear early in therapy and can be controlled with standard interventions (Table iii) . In sun 1111 patients with pancreatic nets, nausea and vomiting were experienced by, respectively, 45% and 34% of patients receiving sunitinib (Table ii) and 29% and 30% of patients receiving placebo. Grade 3 or 4 nausea (1%) and vomiting (0%) were reported only very rarely, with an incidence that was not superior to that seen in the placebo arm; data from patients with rcc have shown rates of grade 3 vomiting of 1.6%-3.1% 33 . Again, management recommendations suggest a bland diet, with early use of antiemetic drugs if necessary. Sunitinib dose reduction (by 12.5 mg) should be considered only in cases of grade 3 or 4 events in which other interventions have failed. 
Oral and Cutaneous Toxicity
Stomatitis has been reported to be a typical adverse reaction with sunitinib, although only in 22% of patients receiving sunitinib by cdd in the sun 1111 study, with grade 3 or 4 stomatitis being noted in 4% of patients 27 . In contrast to the stomatitis seen with chemotherapy, patients receiving targeted therapy often experience functional symptoms accompanied only by taste disturbances 34 . Symptoms should be controlled early by dietary changes and rigorous oral care (Table iii) . Treatment interruptions or dose reductions are necessary only if severe mucosal toxicity develops. Cutaneous reactions include exanthema and hand-foot syndrome (palmar-plantar erythrodysesthesia). Hand-foot syndrome presents as painful symmetrical erythematous and edematous areas on the palms and soles, often preceded or accompanied by paresthesias, tingling, or numbness. Desquamation may also be seen 34, 36 . Management approaches include pressure relief, wearing of loose-fitting clothes, washing with lukewarm rather than hot water and patting dry rather than rubbing, and use of sunscreen and creams containing lanolin or urea 36 . Grade 3 or 4 hand-foot syndrome could necessitate temporary cessation of therapy, with a 12.5 mg dose reduction at restart after remission of symptoms 33 . Skin rashes caused by sunitinib seldom require dose reduction, and symptoms tend to decrease over time. Moisturizing skin lotions or creams used often, particularly after showering or before bedtime, can be helpful, and urea-containing lotions are useful, particularly if the skin is very dry (Table iii) 33,36 .
Cardiovascular Toxicity
Arterial hypertension is a class effect of vegf receptor inhibitors and was reported in 26% of patients in sun 1111, a frequency similar to that seen in patients with rcc receiving either cdd or schedule 4/2 23 and in studies in other tumour types in which cdd was used (Table ii) 21, 28 . The trial by Escudier et al. 26 reported a higher rate of all-grade hypertension in rcc patients receiving sunitinib by cdd (Table ii) . However, the frequency of grade 3 hypertension was 11% (compared with 10% in sun 1111 27 ), and hypertension was not a major cause of treatment interruption in the trial.
Blood pressure should be monitored and treated as necessary according to local practice in patients receiving sunitinib 33 . Increased blood pressure can be managed without dose adjustment, although compliance with the treatment-free interval in schedule 4/2 is necessary 34 . Because antihypertensives might have to be reduced during the 2 weeks off sunitinib, cdd can be more manageable by avoiding the peak and trough periods of sunitinib exposure.
Although rare, cardiovascular events including heart failure, myocardial disorders, and cardiomyopathy, some of which have been fatal, have been reported during postmarketing surveillance of sunitinib 18 . Compared with rcc or gist patients receiving interferon alfa or placebo, rcc or gist patients treated with sunitinib more often experienced reduced left ventricular ejection fraction 18 , and in sun 1111, fatal cardiac failure potentially linked to study treatment was reported in 1 patient on sunitinib 27 . Discontinuation of therapy is recommended in any patient with clinical signs of congestive heart failure, and in the absence of congestive heart failure, dose reduction is recommended when ejection fraction declines to 20%-50% below baseline 18 . Caution is also advised in patients with a history of QT interval prolongation, in those taking antiarrhythmics, and in those with relevant pre-existing cardiac disease, bradycardia, or electrolyte disturbances. Periodic monitoring with electrocardiography and determination of electrolytes (magnesium, potassium) should be considered regardless of the dosing regimen used 18 . 
Fatigue
Fatigue, which impairs quality of life over the longer term 34 , has previously been reported in 62% of patients with rcc 18 , although this adverse event is commonly associated with a variety of conditions (including cancer and endocrine disease) and with administration of cancer therapeutics generally 33 . In sun 1111, fatigue of any grade was reported in 32% of patients receiving sunitinib and in 27% of those receiving placebo 27 , although higher combined incidences of asthenia and fatigue have been reported with sunitinib cdd in other indications (Table ii) .
Patient information and assessment of underlying causes of fatigue are important during therapy with sunitinib. Dose interruption or reduction is necessary only when quality of life and daily activities are significantly impaired (Table iii) .
Laboratory Abnormalities
Sunitinib is reported to induce neutropenia and thrombocytopenia in 50%-70% of patients, although only 3%-4% experience events of grade 3 or 4 severity 36 . In sun 1111, 29% of patients on sunitinib by cdd experienced neutropenia of any grade, and 12% experienced grades 3 and 4 neutropenia 27 . Treatmentfree intervals are necessary in grades 3 and 4 cases. Hepatotoxicity has also been noted in some patients receiving sunitinib, and patients accordingly require monitoring of liver function. Grades 3 and 4 events are grounds for interruption of treatment, with discontinuation if there is no resolution 18 . Thyroid function changes have been described in up to 85% of patients receiving sunitinib 34, 36 , with up to 36% requiring treatment and approximately half of that group requiring hormone substitution 34 . Hypothyroidism was reported as an adverse reaction in 6 of 83 patients (7%) on sunitinib and in 1 of 82 patients (1%) in the placebo arm in sun 1111 27 .
PERSONAL EXPERIENCE WITH THERAPY MANAGEMENT FOR PATIENTS WITH PANCREATIC NET
The Beaujon University Hospital clinical centre has used therapy management approaches for patients participating in the sunitinib phase iii study. Cases of grade 3 hypertension, severe asthenia, and hand-foot syndrome taken from that cohort illustrate our "reallife" approach to maintaining sunitinib treatment in such patients. Figure 1 shows the management course for each patient.
The first patient, a 58-year-old man, presented with a well-differentiated endocrine tumour in the head of the pancreas. He had a history of arterial hypertension that had been stabilized with enalapril. After diagnosis, he received adjuvant chemotherapy with 5-fluorouracil, and streptozocin was given for 6 months. Follow-up imaging at the end of chemotherapy suggested the occurrence of liver metastasis, and at 18 months' follow-up, he became symptomatic. A significant increase in the size of the lesions was also observed. The patient then went on to receive sunitinib 37.5 mg daily by cdd as part of the phase iii trial, with stable disease (by the Response Evaluation Criteria in Solid Tumors) reported after 1 treatment cycle.
On day 8 of cycle 2, the patient experienced grade 3 hypertension (190/100 mmHg), despite receiving ongoing antihypertensive treatment. We therefore interrupted treatment and modified his antihypertensive regimen after consultation with a cardiologist (calcium inhibitor plus combined diuretic and angiotensin inhibitor). After therapy management, this patient's blood pressure stabilized within 3 days, and after a 7-day delay, sunitinib therapy was resumed at a reduced dose of 25 mg daily. After 11 months, the dose of sunitinib was re-escalated to 37.5 mg daily because of an observed increase in tumour dimensions on radiologic imaging assessment, with no further occurrence of hypertension, allowing for 9 additional months of disease control. To summarize, management of antihypertensive therapy after a transient (1-week) interruption of sunitinib allowed for continuation of treatment for more than 1.5 years.
In the second case, a 65-year-old woman with well-differentiated symptomatic pancreatic net and liver metastases received initial somatostatin analog therapy, followed by doxorubicin-streptozocin and then temozolomide, which required treatment interruption because of dose-limiting grade 4 thrombocytopenia. One year later, the patient entered the phase iii sunitinib trial, and stable disease (by the Response Evaluation Criteria in Solid Tumors) was noted after 2 consecutive treatment cycles. After figure 1 Schematic showing the management course for patients who participated in the sunitinib phase iii study 27 . pd = progressive disease.
unblinding, this patient was found to be receiving sunitinib 37.5 mg daily by cdd. After 6 cycles of treatment, an objective response (Response Evaluation Criteria in Solid Tumors) was observed on computed tomography imaging; however, the patient complained of severe cumulative asthenia and refused further cycles of treatment. The patient was advised to undergo 2 weeks' rest from sunitinib followed by re-introduction of sunitinib at a reduced dose of 25 mg daily by cdd. Transient (2-week) interruption of sunitinib allowed the patient to recover to a good performance status. With ongoing sunitinib therapy, the patient maintained stable disease for an additional 18 months (2 years total), until disease progression and deterioration in performance status were observed.
In the third case, a 57-year-old man presented with well-differentiated pancreatic net and liver metastases and underwent duodeno-cephalic pancreatectomy. After chemotherapy (doxorubicin-streptozocin), he was enrolled in the radiant phase iii trial of everolimus and subsequently into the phase iii trial of sunitinib. After 4 cycles of sunitinib, the patient complained of difficulties in performing intensive physical activity because of foot pain. Physical examination revealed moderate hand-foot syndrome (grade 2). Sunitinib treatment was interrupted for 2 weeks, and intensive local therapy (exfoliation, topical ointments) was recommended. After complete healing within 10 days, sunitinib was reintroduced at full dose and continued without recurrence of limiting hand-foot syndrome and with sustainable disease control for more than 2 years.
SUMMARY
In a population with limited treatment options, targeted agents for patients with advanced pancreatic net have significantly improved progression-free survival. However, these new agents have brought with them new challenges in terms of distinct sideeffect profiles.
Pharmacokinetic and clinical data from the metastatic rcc and gist setting have shown that, to optimize clinical outcomes with sunitinib, patients should be maintained at the recommended dose and schedule (schedule 4/2), with use of therapy management to minimize the likelihood or severity of adverse events leading to dose reductions. Growing clinical experience in treating patients with pancreatic net suggests that a similar approach to therapy management should be taken to ensure adherence to the recommended cdd sunitinib schedule. At our centre, therapy management approaches have included transient treatment interruption and dose modification to reduce the intensity of the adverse events, plus proactive adverse event management using appropriate prophylactic and supportive measures. In addition, radiologic imaging to assess disease status when the patient presents with side effects can be used to aid in decision-making about dose escalation.
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